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SET OF BIOMARKERS FOR THE DIAGNOSIS OF BRUGADA SYNDROME
The present invention relates to a specific set of circulating biomarkers and
methods for the diagnosis of Brugada Syndrome (BrS3) in a human being.

The Brugada Syndrome (BrS) is an inherited arrhythmogenic disease defined by a
coved-type ST-segment elevation in the right precordial leads on  the
electrocardiogram and increased risk of sudden cardiac death (83CD) in patients
with structurally normal hearts [1-4].

Brogada Syndrome has been reported to be responsible for 5-40% of sudden
cardiac deaths and is an important cause of death in individuals aged <40 years [5-
7], even if it occurs also in infants and children [1]. The syndrome is endemic in
Asiatic regions |6} and appears to be ¥ to 10 times more common in men than
women.

The syndrome typically manifests with cardiac arrest or syncope, occurring in the
third and fourth decade of life {3, 4, 6], however, the majority of patients are
asymptomatic with structorally normal heart, and they are wsually diagnosed
incidentally.

The risk stratification of Brugada Syndrome, particularly in asymptomatic
patients, still represents a clinical challenge.

It was demounstrated that the extent of the arrhythmic substrate is the only
independent predictor of inducibility of ventricular fibrillation (VF) and
ventricular tachycardia (VT) and might be considered as a new marker for risk
stratification and therapy {8].

Currently, subjects with spontaneous type 1 ECG pattern and aborted sudden
cardiac death or syncope of arthythmic origin are at highest risk for future
arrhythroic events and are advised to receive an implantable cardioverter
defibrillator (ICD), despite the risk of device-related complications and

inappropriate shocks.
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To date Brugada Syndrome diagnosis is based on the identification of the typical
ECG-trace signal that may be spontancous {type 1) or can be induced by a
pharmacological challenge test with intravenous adrainistration of sodium channel
blockers, such as ajmaline or flecainide. To be considered as diagnostic for Br§S,
the pattern scen on the ECG includes coved-type ST clevation in the right
precordial leads, mainly V1 and V2 placed in the high right intercostal spaces
{(from the second to the fourth).

The aymaline challenge is the most accurale test to-date to diagnose Brugada
Syndrome in individuals without a spontaneous type 1 ECG pattern. In patients
with normal cardiac cells, ajmaline has little or no effect on the ECG. The drug
has proven to be a powerful tool in unmasking the Brugada type 1 pattern [10]
and to be more accurate than flecainide, which is associated with a 36% false
negative rate [11]. However, ajmaline administration can proveke VT/VF during
the diagnostic procedure. As a result, the Brugada diagnostic test with agjmaline
challenge may be also not allowed in several countries as screening testfor safety
reasons. Morcover, given the risk associated with the procedure, patients
themselves refuse to undergo the procedure. Additionally, the procedure requires
an experienced staff, in hospitals with an Extra Corporeal Membrane Oxygenation
(ECMO) team. Therelore, this procedure is not widely available, fraplying that
patients may need to travel long distances for the procedure. From an economical
perspective, the proceduore is expensive and a counsiderable burden for the Italian
National Healthcare System. As a result, potential patients do pot vndergo the
diagnostic test in a timely fashion, or at all, exposing them to considerable risk of
sadden cardiac death.

Moreover, Brugada Syndrome has a further not negligible genetic treat: it is a
heterogeneous channelopathy, inherited as an autosomal dominant trait with
incomplete penetrance [9].

To date, about three hundred pathogenic variants in 25 genes have been identified



WO 2021/161208 PCT/1IB2021/051121

D

€3]

(@]

in subjects with Brugada Syndrome, but most of them (25-30%) involve the
SCN5A gene on chromosome 3p22, encading the g-subunit of the cardiac sodinm
channel NaV1.5 [10]. Other genetic lesions associated with Brugada Syndrome
include heterozygous variants in CACNATC, SCNICA, PKP2, TRPM4, KUCNHZ,
and at least eighteen other genes. SCN5A heterozygous mutations account for 11-
28% of all Brugada Syndrome cases [11].

The international patent application WO2014/152364 Al discloses a method of
identifying the presence of Brogada Syndrome in a subject by detecting (a) the
fevel of full-length mRNA encoded by the SCN5A gene, (b) the level of mRNA
of an SCNSA splice variant which encodes a truncated SCNSA protein, (¢) the
level of mRNA encoded by a SCNSA splicing factor gene, and/or (d) a level of
mRNA encoded by a gene of the unfolded protein response (UPR); and
identifying the presence of the syndrome when the level of (a), (b}, and/or (d) are
reduced, relative to a control level, and/or when the level of {c¢) is increased,
relative 1o a control level.

However, about 90% of patients with Brugada Syndrome do not have a mutation
in the SCNSA gene.

To further complicate the genetic assessment, there are different related Brugada
Syndrorues caused by wmutations in genes other than the SCNSA gene. For
example, Brugada Syndrome-2 (Phenotype MIM #611777) is caused by mutation
in the GPDIL gene. Brugada Syndrome-3 (Phenotype MIM #611875) and
Brugada Syndrome-4 (Phenotype MIM #511876), the phenotypes of which
inclade a shortened QT interval on ECG, arc caused by mutation in the
CACNAILC and CACNB2 genes, respectively. Brugada Syndrome-5 (Phenotype
MIM #612838) is caused by mutation in the SCN1B gene. Brugada Syndrome-6
(Phenotype MIM #613119) is caused by muotation in the KCNE3 gene. Brugada
Syndrome-7 (Phenotypte MIM #613120) is caused by mmutation in the SCN3B

gene. Brugada syndrome-8 (Phenotype MIM #613123) is caused by mutation in
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the HCN4 gene.

While the scientific community still regards Brugada Syndrome as an ion
channelopathy. further evidence suggests that the syndrome may also originate by
additional factors. For example, an alpha-tropomyosin heterozygous mutation
appears to link HCM and Brugada Syndrome in one study, suggesting a role for
sarcomeropathies [12]. Another study, published by the present inventors,
demonstrated for the first time a pathogenic variant in the MYBPCS gene and its
potential association with Brugada Syndrome [13]. In fact, altered sarcomeric
properties have been directly implicated in arrhythmogenesis and sudden death
[14-16}.

In the light of the complexity of this multi-factorial disorder and the existence of
many genetic variants of the disease at the molecular level, genetic testing may be
used just to confirm a clinical diagnosis of Brugada Syndrome but is not suitable
to make diagnosis of the discase in any subject.

These limitations of genetic screening highlight the wrgent need to seck
biomarkers aimed both at confirmation of the Brugada Syndrome to establish a
proguoosis in already affected patients.

In this direction, the systematic introduction of active screening in unmasking
Brugada Syndrorne using sodinm-channel blockers, has considerably increased
the diagnosis and incidence of the disease, although its true prevalence is still
unknown [17]. Nonetheless, the drug challenge vsed for the diagnosis can be
associated with the occurrence of potentially life-threatening ventricolar
arrhythrotas, thus limiting its widespread use in the absence of a safe hospital
environment.

In view of the foregoing, there is a need for a more time and cost-cfficient,
sepsitive and non-invasive laboratory test for diagnosing Brugada Syndrome,
which could eventually replace the drug challenge, or at least limit it to those

mdividuals that are positive to such initial laboratory screening and overcome the
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iimits of genetic screening.

The authors of the present invention have now identified a set of circulating
biomarkers that allows to overcome the different technical problems affecting the
prior art, providing a reliable and sensitive method for the diagnosis of Brugada
Syndrorae in any patients, herein included also asymptomatic subjects.
Specifically, the authors found that patients affected by Brugada Syndrome
possess signs of the disecase that are detectable in the peripheral blood. In
particular, based on the increasing number and diversity of the mutated genes
found in patients affected by Brugada Syndrome, the authors hypothesized that
the disease could affect cell compartments other than those present in the heart.
To this end, considering the complexity of the pathology and the heterogeneity
among the patient population, they applied a multi-omics (genomic,
transcriptomic, and metabolomics) characterization of peripheral plasma and
PBMCs on a large scale, supported by an extensive and innovative bioinformatics
and computational platforms, leading to the identification of a univocal set of
biomarkers, statistically significant related to Brugada Syndrome.

A significant advantage of the use of the set of biomarkers of the invention
includes the diagnostic and prognostic utility in a wide set of subtypes of Brugada
Syndrorue, regardless of the genotype or expression of other known genetic
biomarker, such as the SCN3A gene.

The set of biomarkers of the invention rmay also be very useful for risk
certification of the patients with Brugada syndrome. Farthermore, a positive result
with the st of biomarkers of the invention allows to identify patients affected by
the Bruogada disease, independently from being symptomatic or not.

Therefore, it is an object of the present invention a set of 14 biomarkers
comprising at least:

1) the subset of 6 mRNA listed in the following Table 1:
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TABLE 1

Name Ensemble ID
Calpain 2 (CAPN2) ENSGO0000162909

Dynactin Subumit 2
{(DCTN2)

BNSGO0000175203

Diacylglycerol Kinase

Delta (DGKD)

ENSGO0000077044

Major Histocompatibility
Complex, Class II, DP ENSGO0000231389
Alpha 1 (HLA-DPAL)

Major Histocompatibility
Complex, Class I, DP ENSGO0000223865
Beta 1 (HLA-DPB1)

WD Repeat Domain 86
{(WDRS6)

ENSGO0000187260

w

ii) the subset of the following 7 metabolites:
- Z-aminooctanoate
- 4-methoxyphenol sulfate
- hypotaurine
- lysine
10 - N-acetyl-2-aminooctanoate
- phenol sulfate
- y-glutamylleucine;
and

iii} the lipid docecenedioate (C12:1-DC);
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for the diagnosis of Brugada syndrome in a human being.
The set of 14 biomarkers according to the present invention allows a diagnosis of
the disease of Brugada syndrome on PBMC population of any subject with an
overall accuracy of about 72-75%.
5 By increasing the number of biomarkers from 14 to 59 it is possible to reach an
overall accuracy of the test on PBMC population of about 87%. When more than
60 biomarkers are used a platcau in the accuracy of the test is observed (see
Figure 7).
The subset of the invention may further comprise additional biomarkers belonging
10 to the above listed subsets 1)-1i1), not exceeding the number of 59.
Therefore, it is another object of the present invention a set of 14 biomarkers

further comprising one or more of the following additional biomarkers:

1) RNA selected from the group consisting of:
TABLE?2
Mame Ensemble ID Type
Acyl-CoA Synthetase Family
ENSGO0000157426 mRNA
Member 4 (AASDH)
Avkyrin Repeat And Death
Domain  Containing 1A ENSGO00001663839 mRNA
(ANKDD1A)
Ankyrin Repeat Domain 49
' ENSGO0000168876 mRNA
(ANKRD49)
Rho/Rac Guanine Nucleotide
Exchange Factor 18 ENSGO0000104880 mRNA
(ARHGEF18)
BRICHOS Domain 7
) o ENSGO0000132685 mRNA
Containing 5 (BRICDS)
BRCA1 teracting Protein ENSGO0000136492 mRNA
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C-Terminal  Helicase 1
(BRIP1)
BRO1 Domain And CAAX .
Motif Containing (BROX) FNSEO000T62819 MRNA
Glucocorticoid Receptor AF- o N o
| Conctivator-1 (BTBDE) ENSGO0000184887 mRNA
Chromosome 19 Open Long non-
Reading Frame 79 ENSGO0000257242 coding
(C120rf79) RNA
Chromosome 19 OUpen
Reading Frame 38 ENSGO0000214212 mRNA
(C190rf38)
Calciumy/Calmodulin
Dependent  Protein  Kinase ENSGO0000110931 mRNA
Kinase 2 (CAMKK2)
Chirnerin I{CHNT) ENSGO0000128656 mRNA
Cyclin-M3 (CNNM3) ENSGO0000168763 mRNA
Cytochrome P450 Family 2
Subfamily S5 Member 1 ENSGO0000167600 mRNA
(CYP251)
ERBB Receptor Feedback ,
Inhibitor 1 (ERRFID) ENSGO0000116285 mRNA
Retrotransposon  (Gag  Like
8C (EAM127A) ENSGO0000134590 mRNA
Glycoprotein, Alpha-
(Galactosyltransterase ENSGO0000204136 mRNA
(GGTALP)
Glutathione-Disulfide ENSGO0000104687 mRNA
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Reductase (GSR)
HLA Complex Group 18
, ENSGO0000231074 mRNA
(HCGIE)
Histone Cluster 1 H1 Family

ENSGG0000187837 mRNA
Member C (HISTIHI1CO)
Histone Cluster 1 H2ZB
Family Member K ENSG00000197903 mRNA
(HIST1H2BEK)
Insulin Like Growth Factor

ENSGO0000146674 mRNA
Binding Protein 3 (IGFBP3)
Ras (GTPase-Activating-Like

ENSGO0000145703 mRNA
Protein (IQGAP2)
Lymphotoxin Beta (L'TB) ENSG00000227507 mRNA
Methionine
Adenosyltransferase 2A ENSGO00001689206 mRNA
(MAT2A)
Mitochondrial ~ Ribosomal

ENSGO0000175110 mRNA
Protein L22 (MRPS22)
Nucleosome Assembly

ENSGO0000186462 mRNA
Protein 1 Like 2 (NAP1L2)
Peptidyl Arginine Deiminase ) )

ENSGO0000159339 mRNA
4 (PADI4)
PDZ And LIM Domain 7

ENSGO0000196923 mRNA
(PDLIMT)
Platelet Activating Factor

ENSGO0000169403 mRNA
Receptor (PTAFR)
RAN Binding Protein 6

ENSGO0000137040 mRNA
(RANBPO)
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RNA. 7SL, Cytoplasmic 473,
ENSGO0000277452 mRNA
Pseudogene (RN7SL473P)
RP11-429E11.3 ENSGO0000179253.3 mRNA
RP11-4B16.1 ENSGO0000279433 microRNA
Ribosomal  Protein 520
ENSGO0000008988 mRNA
(RPS20)
Syntaxin 10 (STX10) ENSGO0000104915 mRNA
T Cell Receptor Beta )
ENSGO0000241657 mRNA
Variable 11-2 (TRBV11-2)
Zwilch Kinetochore Protein
ENSGO0000174442
(ZWILCH) mRNA
i) metabolite selected from the group consisting of:

- S-methylunidine (ribothymidine)

- fibrinopeptide A, phosphono-ser(3)

- glyco-alpha-muricholate;

- 3-{(4-hydroxyphenyl)lactate

- glucoronate

- Trans-4-hydroxyproline;

iii} phosphatidylinositol (16:0/18:1);

or a combination thereof.
Preferably, all the additional biomarkers above listed are included in the set of
biomarkers according to the invention, albeit also intermediate solutions wherein
only some of them are included are contemplated in the scope of the present
invention.
Therefore, according to a further preferred embodiment it is another object of the

present invention a set of 39 biomarkers comprising:

10
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i) the subset of 44 RNA listed in the following Table 3:

TABLE 3
MName Ensembile ID Type
Acyl-CoA Synthetase Family
‘ ENSGO0000157426 | mRNA
Member 4 (AASDH)
Ankyrin Repeat And Death Domain
ENSGO0000166839 | mRNA
Containing 1A (ANKDDI1A)
Ankyrin  Repeat  Domain 49 )
ENSGO0000168876 | mRNA
{ANKRD49)
Rho/Rac Juanine Nucleotide
ENSGOC0O00104880 | mRNA
Exchange Factor 18 (ARHGEF18)
BRICHOS Domain Containing 5
ENSGO0000182685 | mRNA
{(BRICDS)
BRCA1 Interacting Protein -
ENSGU0000136492 | mRNA
Terminal Helicase 1 (BRIPD)
BRO1 Domain And CAAX Motif
ENSGO0000162819 | mRNA
Containing (BROX)
Glucocorticoid Receptor  AF-1
7 ENSGO0000184887 | mRNA
Coactivator-1 (BTBD6)
Long non-
Chromosome 19 Open Reading
ENSGO0000257242 | coding
Frame 79 (C120rt79)
RNA
Chromosome 19 Open  Reading
) BENSGO0000214212 | mRNA
Frame 38 (C190orf38)
Calcium/Calmodulin Dependent
ENSGO0000110931 | mRNA
Protein Kinase Kinase 2 (CAMKEK?2)
Calpain 2 (CAPN2) ENSGO0000162909 | mRNA
Chimerin I {CHN1) ENSGO0000128656 | mRNA

11
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Cyclin-M3 (CNNM3) ENSGO0000168763 | mRNA
Cytochrome  P450  Family 2
ENSGO0000167600 | mRNA
Subfamily S Member 1 (CYP2S1)
Dynactin Subunit 2 (DCTN2) ENSGO0000175203 | mRNA
Diacylglycerol Kinase Delta (DGKD) | ENSGO0000077044 | mRNA
ERBB Receptor Feedback Inhibitor 1
ENSGO0000116285 | mRNA
(ERRFI1)
Retrotransposon  Gag  Like  8C
BENSGO0000134590 | mRNA
(FAMI127A)
Glycoprotein, Alpha- , ]
ENSGO0000204136 | mRNA
Galactosyltransferase (GGTA1P)
Glutathione-Disulfide Reductase
ENSGO0000104687 | mRNA
{GSR)
HLA Complex Group 18 (HCG1S8) ENSGO0000231074 | mRNA
Histone Cluster 1 HI Family Member
o , ENSGO0CG00187837 | mRNA
C(HISTIHIC)
Histone Cluster 1 H2B Family
ENSGO0000197903 | mRNA
Member K (HISTIH2BK)
Major Histocompatibility Complex,
, ENSGO0000231389 | mRNA
Class 11, DP Alpha 1 (HLA-DPAT)
Major Histocompatibility Complex,
, ENSGO0000223865 | mRNA
Class 11, DP Beta 1 (HLA-DPB1)
Insulin Like Growth Factor Binding
ENSGO0000146674 | mRNA
Protein 3 (IGFBP3)
Ras GTPase-Activating-Like Protein
ENSGO0000145703 | mRNA
(I1QGAP2)
Lymphotoxin Beta (ILTB) ENSGO0000227507 | mRNA
Methionine Adenosyltransferase 2A | ENSGO0000168906 | mRNA

12
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{(MATZA)
Mitochondrial Ribosomal Protein L22
ENSGO0G00175110 mRNA
{(MRPS22)
Nucleosome Assembly Protein 1 Like
ENSGO0000186462 mRNA

2 (NAPIL2)

Peptidyl  Arginine  Deiminase 4

BENSGO0000159339 | mRNA
(PADI4)
PDZ And LIM Domain 7 (PDLIM7) | ENSG00000196923 | mRNA
Platelet Activating Factor Receptor

ENSGU0000169403 | mRNA
(PTAFR)
RAN Binding Protein 6 (RANBP6) ENSGO0000137040 | mRNA
RNA, 7SL., Cytoplasmic 473,

ENSGO0000277452 | mRNA
Pseudogene (RNT7SL473P)
RP11-429E11.3 ENSGO0000179253.3 | mRNA
RP11-4B16.1 ENSGO0000279433 | microRNA
Ribosomal Protein 520 (RP520) ENSGO0000008988 | mRNA
Syntaxin 10 (STX10) ENSGO0000104915 mRMNA
T Cell Receptor Beta Variable 11-2

ENSGO0000241657 | mRNA
(TRBV11-2)
WD Repeat Domain 86 (WDRE6) ENSGOO000187260 | mRNA
Zwilch Kinetochore Protein

ENSGO0000174442
(ZWILCH) mRNA

- 2-aminooctanoate
- 3-(4-hydroxyphenyliactate

- d-methoxyphenol sulfate

13

i1) the subset of the following 13-metabolites:
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- hypotaurine
lysine
- glucoronate
- Trans-4-hydroxyproline
- N-acetyl-2-aminooctanoate
- pheonol sulfate
- vy-glutamylleucine
- S-methyluridine (ribothymidine)
fibrinopeptide A, phosphono-ser(3)
- glyco-alpha-muricholate;
and iii) the subset of the following lipids:
- dodecenedioate (C12:1-DC)
phosphatidylinositol (16:0/18:1};
for the diagnosis of Brugada Syndrome in a human being.
it is another object of the present invention an in vitro method for detecting the
presence or measuring concentration of the occurrence of one of the set of
biomarkers above listed in a biological sample of a human being.
In order to provide a reliable result, the in vitro method should at least foresee the
detection of the presence or measuring concentration of at least the 14 set of
biomarkers up to the 59 set of biomarkers.
In a particular embodiment the invention provides an in vitro method for detecting
the presence of one of the set of biomarkers above listed in a biological sample of
a human being, comprising the following steps:
a} detection of at Jeast 6 up to 44 RNAs of subset i) by an assay selected from the
group comprising mRNA microarray detection, Real-Time PCR, Droplet Digital
PCR or hybridization-based assays, and branched DNA (bDNA) technology (i.e.
QuantiGene® assay), or a combination thereof

b) detection of at least 7 up to 13 of the metabolites of subset i1) and at least

14
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one or hoth the lipids of subset 1) by an assay such as one selected from the
group comprising MS, GC-MS, fluorimetric or colorimetric assays, NMR,
spectroscopy  with nanoprobes, Enzyme-Linked oligonucleotide assays, or a
combination thereof;

wherein the positive detection of all the biomarkers compared to a normal control
allows the identification of patients affected by Brugada Syndrome.

According to an alternative embodiment the invention relates to an in vitro
method for wmeasuring the concentration of one of the above listed set of
biomarkers in a biological sample of a human being, comprising the following
steps:

a) quantitative determination of at least 6 up to 44 RNAs of subset i} by a
quantitative technique such as guantitative PCR, preferably by Real Time-PCR,
Droplet Digital PCR, Quantigene assay, or a combination thereof;

b) guantitative determination of at lcast 7 up to 13 of the metabolites of
subset i1} by a technigue such as HPLC, MS, NMR analysis, ELONA, or a
combination thereof]

c) guantitative determination of at least or both the lipids of sobset 1i1) by a
technique such as HPLC, MS, NMR analysis, or a combination thereof;

wherein an increase of the concentration of the biomarkers compared to a normal
conirol indicates a diagnosis of Brugada Syndrome.

A positive result to all biomarkers means that the patient 1s affected by Brogada
Syndrome, independently oun the fact that such patient is asymptomic or
sympiomatic.

According to a preferred embodiment of the invention said biological sample is
selected from the group consisting of whole blood, plasma, serum, peripheral
blood and PBMCs. Preferably, the biological sample is plasma and/or PBMCs,
According to alternative embodiments of the aforementioned method, the starting

biological sample can come indifferently from adult subjects or children, male or

15
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female subjects.

In a preferred embodiment of the invention said human being may be cither
asymptomatic (that is with structurally normal heart) or at high risk for Brugada
Syndrome due to family history, previous events of heart atrial and/or ventricular
fibrillation, diabetes or obesity.

More preferably said human being is about 40 years old or younger.

The invention is further directed to a kit for the detection of the subset 1) of at
feast 6 mRNA of Table 1 up to the subset 1) of 44 RNAs of Table 3, said kit
comprising oligonucieotides that are at least 85, 90, 95, 96, 97, 98, 99 or 100%
complementary to each of the mRNA sequences 1), wherein said oligonucieotides
are primers or probes optionally attached to a solid support. Also the intermediate
combination with one or more of the 38 RNAs listed in Table 2 arc contemplated
in this embodiment of the invention.

The present invention will now be described, for non-limiting illustrative
purposes, according to a preferred embodiment thereof, with particular reference
to the attached figures, wherein:

- Figure 1 shows a scheme of the procedure to create a CMTRX technical
replicate sample.

- Figure 2 shows the ROC curve of the moltiomic Brugada Syndrome set of 15
features (14 biomarkers + patient age) of the invention.

- Figure 3 shows the specificity and sensitivity of the Brugada Syndrorue multi-
omics 15-feature panels (metabolomics, lipidomics, transcriptomics) of the
invention.

- Figure 4 shows the ROC curve of the multiomic Brugada Syndrome set of 60
features of the invention (59 biomarkers+ patient age).

- Figure 5 shows the specificity and sensitivity of the Brugada Syndrorue multi-
omics 60 features panels ({metabolomics, lipidomics, transcriptomics} of the

wmvention,

16
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- Figure 6 shows the curve of the accuracy of the test carried ouat with less than 60
features.

- Figure 7 shows the platean reached by the curve of the accuracy of the test when
more than 60 features have been employed.

The following example is merely illustrative and should not be considered

limiting the scope of the present invention.

svadrome of the invention
MATERIALS AND METHOCDS

Ethical Statement

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research
committee and with the Helsinki declaration and its later amendments or
comparable ethical standards. The study design was examined by the Ethical
Committee of the San Raffacle Hospital (Protocol BASED-version 07/01/2004).

Patients enrollment

The population study has been constituted by two groups (300 subjects/group):
the Brugada (Br(G) and the Control (CG) Grouaps. The expected envollment period
was of 24 months.

Patients were evaluated for:

- baseline laboratory examinations, including total blood count, hepatic, thyroid
and coagulation function.

- transthoracic ECG.

The inclusion/exclusion criteria for the two groups have been respectively the
following.

Brugada Group: All consecutive Brugada Syndrome patients, aged >18 years,

positive to the ajmaline test, or considered at high risk of SCD and undergoing

17
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epicardial ablation will be enrolled in this study.

Control Group: A population of patients with a structurally normal heart with a
negative ajmaline test confirming the absence of Brogada Syndrome.

Inclusion criteria for Control Group:

- Age >18 years

- Absence of Brugada Syndrome confirmed with ajmaline test.

Exclusion criteria for Control Group:

- Bjection Fraction <55%

- Coronary artery disease with the need for revascularization

- Previous heart surgery

- Recent surgical/percutaneous intervention for valvular heart disease (<6 months)
- Life expectancy <1 year

- Impossibility to provide consent to the procedure and to the study

Transcriptomic analysis

Transcriptomic analysis was performed at the Center for Translational Genomics
and Bioinformatics at San Raffacle Hospital.

RNA quality was confirmed with a 2100 Bioanalyzer (Agilent) and RNA with a
RIN above 7 were included in the analysis. To generate the libraries, the TruSeq
stranded mRNA protocol was performed. This protocol allowed vnbiased 57/3°
library preparation starting from 100 ng of total RNA. Libraries were barcoded,
pooled and sequenced on an IHuemina Nova-Seq 6000 sequencer. RNA-3eq
experiments were performed generating single-end 30M reads, 75ut long, for each
run.  After trimming of adapters, scquences gencrated within RNA-Seqg
experiments were aligned to the genome using the STAR aligner (20) and counted
with feature Counts (21) on the appropriate annotation: genes from the last
Geuncode (22) release for RNA-Seq.

Metabolomic analvsis on plasma

Samples were prepared using the automated MicroLlab STAR® system from

18
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Hamilton Company. Several recovery standards were added prior to the first step
in the extraction process for QC purposes. To remove protein, dissociate small
molecules bound to protein or trapped in the precipitated protein matrix, and to
recover chemically diverse metabolites, proteins were precipitated with methanol
under vigorous shaking for 2 min {Glen Mills GenoGrinder 2000) followed by
centrifugation. The resulting extract was divided into five fractions: two for
analysis by two separate reverse phase (RPYUPLC-MS/MS methods with positive
ion mode clectrospray tonization (ESI), one for analysis by RP/UPLC-MS/MS
with negative ion mode ESI, one for analysis by HILIC/UPLC-MS/MS with
negative ion mode ESIL and one sample was reserved for backup. Samples were
placed briefly on a TurboVap® (Zymark) to remove the organic solvent. The
sample extracts were stored overnight under nitrogen before preparation for
analysis.
A/QC

Several types of controls were analyzed in concert with the experimental samples:
a pooled matrix sample generated by taking a small volume of each experimental
sample (or alternatively, use of a pool of well-characterized human plasima)
served as a technical replicate throughout the data set; extracted water samples
served as process blanks; and a cocktail of QC standards that were carefully
chosen not to interfere with the measurement of endogenous compounds were
spiked into every analyzed sample, allowed instrument performance monitoring
and aided chromatographic alignment.

The following Tables 4 and 5 describe these QC samples and standards.

TABLE 4: Description of Metabolon QC Samples

Type Description Purpose

19
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Assure that all aspects of the
Large pool of human plasma

Metabolon process are
MTRX | maintained by Metabolon that has
operating within
been characterized extensively.
specifications.

Assess the effect of a non-

plasma  matrix on  the
Pool created by taking a small
Metabolon process and
CMTRX | aliquot from cvery customcer

distinguish hiological
sample. o
variability  from  process
variability.
Process Blank used to assess
PRCS Aliguot of ultra-pure water the contribution to compound

signals from the process.

Solvent  Blank  used o
Aliguot of solvents wused 1n
SOLY segregate contamination
extraction.
sources in the extraction.

TABLE 5: Metabolon QC Standards

Type Description Purpose

Assess variability and  verify
RS Recovery Standard performance of  cxtraction  and

instrumentation.

Assess variability and performance of
IS Internal Standard )
instrument.

Ul

Instrurnent variability was determined by calculating the median relative standard

deviation (RSD) for the standards that were added to each sample prior to
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injection into the mass spectrometers. Overall process variability was determined
by calculating the median RSD for all endogenous metabolites (i.c., non-
mstrument  standards) present in 100% of the pooled matrix samples.
Hxperimental samples were randomized across the platform ran with QC samples
spaced evenly among the injections, as outlined in Figure 1. Figure 1 shows the
preparation of client-specific technical replicates wherein a small aliquot of each
client sample (colored cylinders) is pooled to create a CMTRX technical replicate
sample (multi-colored cylinder), which s then injected periodically throughout
the platform run. Variability among consistently detected biochemicals can be
used to calculate an estimate of overall process and platform variability.

Ultrahigh

Performance Liguid Chromatographyv-Tandem Mass  Spectroscopy

(UPLC-MS/MS)

All methods utilized a Waters ACQUITY ultra-performance liquid
chromatography (UPLC) and a Thermo Scientific  (-Exactive high
resolution/accurate mass spectrometer interfaced with a heated electrospray
ionization (HESI-H) source and Orbitrap mass analyzer operated at 35,000 mass
resolution.  The sample extract was dried then reconstituted in solvents
compatible to each of the four methods. Each reconstitution solvent contained a
series  of standards at  fixed concentrations to  ensure injection and
chromatographic consistency. One aliquot was analyzed using acidic positive ion
conditions, chromatographically optimized for more hydrophilic compounds. In
this method, the extract was gradient eluted from a C18 column (Waters UPLC
BEH C18-2.1x100 mam, 1.7 um) using water and methanol, containing 0.05%
perfluoropentanoic acid (PFPA) and 8.1% formic acid (FA). Another aliquot was
also analyzed wusing acidic positive ion conditions, however it was
chromatographically optimized for more hydrophobic compounds. In this
method, the extract was gradient cluted from the same afore mentioned 18

column using methanol, acetonitrile, water, 0.05% PFPA and 0.01% FA and was
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operated at an overall bigher organic content. Another aliguot was analyzed using
basic negative ion optimized conditions using a separate dedicated C18 column.
The basic extracts were gradient eluted from the colamn using wethanol and
water, bowever with 6.5mM Ammoniom Bicarbonate at pH &. The fourth aliguot
was analyzed via negative ionization following elution from a HILIC column
(Waters UPLC BEH Amide 2.1x150 mun, 1.7 um} using a gradient consisting of
water and acctonitrile with 10mM Ammonium Formate, pH 10.8. The MS
analysis alternated between MS and data-dependent MSn scans using dynamic
exclusion. The scan range varied slighted between methods but covered 70-1000
m/z. Raw data files are archived and extracted as described below.

Data Extraction and Compound Identification

Raw data was exiracted, peak-identified and QC processed using Metabolon’s
hardware and software. Compounds were identified by comparison to library
entries of purified standards or recurrent unknown entitics. Metabolon maintains
a library based on authenticated standards that contains the retention time/index
(RI), mass to charge ratio (m/z), and chromatographic data (including MS/MS
spectral data) on all molecules present in the library. Furthermore, biochemical
identifications are based on three criteria: retention index within a narrow RI
window of the proposed identification, accurate mass match to the bibrary +/- 10
ppm, and the MS/MS forward and reverse scores between the experimental data
and authentic standards. The MS/MS scores are based on a comparison of the
ions present in the experimental spectrum to the jons present in the library
spectrurn. While there may be similarities between these molecules based on one
of these factors, the use of all three data points can be utilized to distinguish and
differentiate biochemicals. More than 3300 commercially available purified
standard compounds have been acquired and registered for analysis on all
platforms for determination of their analytical characteristics. Additional mass

spectral eniries have been created for structarally snnamed biochemicals, which
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have been identified by virtae of their recurrent nature (both chromatographic and
mass spectral). These compounds have the potential to be identified by future
acquisition of a matching purified standard or by classical structural analysis.
Curation

A variety of curation procedures were carried out to ensure that a high quality data
set was made available for statistical analysis and data interpretation. The QC and
curation processes were designed to ensure accurate and consistent identification
of true cheruical entities, and to remove those representing system artifacts, mis-
assignments, and background noise. Library matches for each compound were
checked for each sarple and corrected if necessary.

Metabolite Quantification and Data Normalization

Peaks were quantified asing area-under-the-curve. For studies spanning multiple
days, a data normalization step was performed to correct variation resulting from
instrument inter-day tuning differences.  Essentially, each compound was
corrected in run-day blocks by registering the medians o equal one (1.00} and
normalizing each data point proportionately (termed the “block correction”.  For
studies that did not require more than one day of analysis, no normalization is
necessary, other than for purposes of data visualization. In certain instances,
biochemical data may have been normalized to an additional factor (e.g., cell
counts, total protein as determined by Bradford assay, osmolality, etc.) to account
for differences in metabolite levels due to differences in the amount of material
present in each sample.

Lipidomic analysis on plasma

Metabolon, Inc., Morrisville, USA performed the lipidomic analysis. Lipids were
extracted from plasma in the presence of deuterated internal standards using an
automated BUME extraction according to the method of Lofgren et al. [19]. The
extracts were dried under nitrogen and reconstituted in ammonium acetate

dichloromethane:methanol.
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The extracts were transferred to vials for infesion-MS analysis, performed on a
Shimadzu LC with nano PEEK tubing and the Sciex Selexlon-5500 QTRAP. The
samples were  analyzed  via  both  positive  and  negative  mode
electrospray. The 5500 QTRAP was operated in MRM mode with a total of more
than 1,100 MRMs.

Individual lipid species were quantified by taking the ratio of the signal intensity
of cach target compound to that of its assigned internal standard, then multiplying
by the concentration of internal standard added to the sample. Lipid class
concentrations were calculated from the sum of all molecular species within a
class, and fatty acid compositions were determined by caleolating the proportion

of each class comprised by individual fatty acids.

Sphingomyelin determination in plasma

Sphingomyelin contents in human plasma were measured using a fluorimetric
sphingomyelin assay kit {Abcam). Bricfly, human plasma (diluted at 1:10) was
treated with sphingomyelinase for two hours at 37°C, obtaining ceramide and
phosphocholine. Then, samples were incubated with the AbRed fluorogenic dye
that bound phosphocholine and analyzed with a spectrofluorimeter. The total
sphingomyelins concentration was determined through the interpolation of the
fluorescent emission with a standard curve, defined with known conceuntrations of
sphingomyelin.

Statistical analysis

Biomarker assays routinely report teus of thousands of individual results, be they
proteins, metabolites, or gene expressions. The multitudinous nature of these
biomarker observations complicates their use in classification or assessment
problems, when the biomarkers must be related to some response variable. This is
especially troe if ne a priori information relating specific biomarkers (or
categories of biomarkers) to the response variable is available.

To this end, feature selection algorithms are commonly employed to identify
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which biomarker observations are most relevant to the response variable.

A template-oriented genetic algorithm has been employed.

RESULTS

Patients enrolled in this stady were divided in two groups based on the result of
the aymaline test. The number of patients included in each group (Control Group
and Brugada Group) was 293, for a total of 586 subjects. In Table 4 the
demographic features of each group are shown.

TABLE®

 Control Grou “ Brugada Group

Metabolomics

The metabolomics dataset provided us with the normalized concentrations of 984
compounds in 586 subjects, including 293 cases and 293 controls. For the
subsequent analysis, all the 169 xenobiotics were excluded. Thus, the
metabolomics dataset was composed by 815 metabolites.

Lipidomics

The lipidomics dataset provided us with the normalized concentrations of 1021
compounds in 586 subjects, including 293 cases and 293 controls. None of the
lipids was excluded from the subsequent analysis.

Transcriptomics

The transcriptomics analysis detected 15155 RNA molecules in 586 subjects,
including 293 cases and 293 controls. None of the RNA was excluded from the
subsequent analysis.

Biomarkers determination
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The biomarker discovery process was performed combining only the

metabolomics, lipidomics and trancriptomics data.

The application of the template-oriented geoetic algorithm highlighted the most

important 15 to 60 features (including the age of the patient) useful for the
5 diagnosis of Brugada Syndrome.

The 14 biomarkers set comprises 6 mRNA, [ lipid and 7 metabolites as depicted

in the following Table 7.

TABLE 7: Kdentified 14 mulii-omics biomarkers

dodecenedioate

{(C12:1-DC) lipid

hypotaurine metabolite
lysine metabolite
y-glutamyHeucine metabolite

4-methoxyphenol

sulfate metabolite

phenol sulfate metabolite

N-acetyl-2-

aminoocianoate metabolite

2-aminoocianoate metabolite

'CAPNZ Calpain 2 {CAPN2) ENSGO0000162909 | mRNA
Major

Histocompatibility
Complex, Class I, DP
HLA-DPAYT Alpha 1 (HLA-DPAL |ENSGO0000231389 | mRNA

Major
Histocompatibility
Complex, Class 1. DP
'HLA-DPBYU Beta I (HLA-DPB1) |ENSGOO0D0223865 | mRNA
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Dvnactin __ Subunit 2

'DCTNY {(DCTN2Y ENSGO0000175203 | mRNA
WD Repeat Domain 86
"WDRE6' {(WDRRE) ENSGOO000187260 | mRNA

Diacvlelycerol Kinase

DGKD Delta (DGKD) ENSGO0000077044 | mRNA

The 59 biomarkers set comprise 44 RNAs, 13 metabolites, 2 lipids as depicted in

the following Table §:

TABLE 8: Identified 39 multi-omics biomarkers
Biomarker Ensemble ID Type

Acyl-CoA Synthetase Family
Member 4 (AASDH)

Ankyrin Repeat And Death
Domain  Containing A | ENSGUO000106839 | mRNA
{ANKDD1A)

ENSGO00000157426 | mRNA

Ankyrin Repeat Domain 49
(ANKRID49)

ENSGO0000168876 | mRNA

Rho/Rac Guanine Nucleotide
Exchange Factor 18 | ENSGOG000104880 | mRNA
{ARHGEF18)

BRICHOS Domain

Containing 5 (BRICDS)

ENSGO0000182685 | mRNA

BRCAT Interacting Protein C-
Terminal Helicase 1 {BRIP1)
BRO1 Pomain And CAAX
Motif Containing (BROX)
Glucocorticoid Receptor AF-1 | ENSGO0000184887 | mRNA

ENSGO0000136492 | mRNA

ENSGO0000162819 | mRNA
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Coactivator-1 (BTBD6)
Long non-

Chromosome 19 Open

ENSGO00000237242 | coding
Reading Frame 79 (C120r{79)

RNA

Chromosome 19 Open

ENSGO0000214212 | mRNA
Reading Frame 38 (C190rf38)
Calcium/Calmodulin
Dependent  Protein  Kinase | ENSGO0000110931 | mRNA
Kinase 2 (CAMKKZ)
Calpain 2 {CAPN2Z) ENSGU000016290%9 | mRNA
Chimerin | (CHNI) ENSGUO0000128656 | mRNA
Cyelin-M3 (CNNM3) ENSGO0000168763 | mRNA
Cytochrome P450 Family 2
Subfamily S Member 1| ENSGO0000167600 | mRNA
(CYP2SD)
Dynactin Subunit 2 (DCTN2) | ENSGO0000175203 | mRNA
Diacylglycerol Kinase Delta

ENSGO0000077044 | mRNA
(DGKD)
ERBB  Receptor Feedback

ENSGO0000116285 | mRNA
Inhibitor 1 (ERRFH)
Retrotransposon Gag Like 8C

ENSGO0000134590 | mRNA
(FAMI2T7A)
Glycoprotein, Alpha-
(3alactosyltransferase 1 | ENSGO0000204136 | mRNA
(GGTAIR)
Glutathione-Disulfide

ENSGO0000104687 | mRNA
Reductase (GSR)
HLA Complex Group I8 | ENSGO0000231074 | mRNA
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{HCG18)
Histone Cluster 1 H1 Family

ENSGO0000187837 | mRNA
Member C (HISTIHIC)
Histone Cluster 1 H2B Family

ENSGO0000197903 | mRNA
Member K (HISTIH2BK)
Major Histocompatibility
Complex, Class I, DP Alpha | ENSGO0000231389 mERNA
I (HLA-DPAL)
Major Histocompatibility
Complex, Class I, DP Beta 1 | ENSGO0000223865 mRNA
(HLA-DPB1)
Insulin Like Growth Factor

) ENSGO0000146674 | mRNA

Binding Protein 3 (JGFBP3)
Ras (TPase-Activating-Like

ENSG00000145703 | mRNA
Protein (IQGAP2)
Lymphotoxin Beta (LTB) ENSGO0000227507 | mRNA
Methionine
Adenosyliransferase 2° 1 ENSGO0000168906 | mRNA
(MATZA)
Mitochondrial Ribosomal

ENSGO0000175110 | mRNA
Protein 1L.22 (MRPS22)
Nucleosome Assembly

ENSGO0000186462 | mRNA
Protein 1 Like 2 (NAPIL2)
Peptidyl Arginine Deiminase

ENSGO0000159339 | mRNA
4 (PAD4)
PDZ And LIM Domain 7

ENSGO0000196923 | mRNA
{(PDLIM7)
Platelet  Activating Factor | ENSG00000169403 | mRNA
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Receptor (PTAFR)

RAN Binding Protein ©
(RANBP6)

RNA, 7SL, Cytoplasmic 473,
Pseudogene (RN7SL473P)
RP1I-429E11.3 ENSGO0000179253.3 | mRNA
RP1I-4B16.1 ENSGO0000279433 | microRNA

ENSGO0000137040 | mRNA

ENSGO0000277452 | mRNA

Ribosomal Protein S20
(RPS20)
Syntaxin 10 (STX1(0) ENSGO0000104915 mBRNA

ENSGUOO0000008988 | mRNA

T Cell Receptor Beta Variable
11-2 (TRBV11-2)

WD Repeat Domain 86
(WDRSB6)

ENSGO0000241657 | mRNA

ENSGO0000187260 | mRNA

Zwilch Kinetochore Protein
ENSGO0000174442

{(ZWILCH) mRNA
Hypotaurine Metabolite
Lysine Metabolite
Glucoronate Metabolite
v-glutamyHeucine Metabolite
3-(4-hydroxyphenyl)lactate Metabolite
Trans-4-hydroxyproline Metabolite
Phenol sulfate Metabolite
5-methyluridine

Metabolite
{ribothymidine)
2-aminooctanocate Metabolite
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4-methoxyphenol sulfate Metabolite
Fibrinopeptide A, phosphono- Metabolite
ser(3)

N-acetyl-2-aminooctanoate Metabolite
Glyco-alpha-muricholate Metabolite
PI(16:0/18: 1) Lipid
Dodecenedioate (C12:1-DC) Lipid

Then, a support vector machine classifier was employed to predict the Brugada
Syndrome diagnosis in the study population, as described in the Material and
Methods section.

5  Figures 2 and 3 show a representative example of the results obtained from one
such classifier, using all 15 featores (14 biomarker + paten age). In this
representative example, the classifier gives the following resulis:

- overall accuracy: 72.0%
- specificity: 65.7%
10 - scnsitivity: 77.6%
The training population was composed by the 75% of our dataset, and the
remaining 25% was used for the validation process. The dataset was randomly
partitioned 200 times according to this method, and each random partition was
used to train an independent support-vector machine model. The results of these

15 200 randomized models were compared to ensure consistency.

Figures 4 and 5 show a representative example of the results obtained from one
such classifier, using all 60 features (59 biomarkers + patient age). In this
representative example, the classifier gives the following results:

- overall accuracy: 87.2%

e
(o]

- specificity: 82.2%
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- sensitivity: 91.7%

The terms "sensitivity"” and "specificity” define the ability to correctly classify an
individuoal, based on the biomarkers values detected, as having Brugada Syndrome
or not. "Sensitivity" indicates the performance of the biomarker (8) with respect to
correctly classifying individuals that have Brugada Syndrome. "Specificity”
indicates the performance of the biomarkers with respect to correctly classifying
individuals who do not have Brugada Syndrome. Thus, 84% specificity and 91%
sensitivity for the panel of markers defined to test a set of control samples and
Brugada Syndrome patients indicates that 84% of the control samples were
correctly classified as control samples by the panel, and 91% of the Brugada
syndrome samples were correctly classified as Brugada syndrome samples by the
panel.

Finally. a comparison between the accuracy of the test carried out with less than
60 features and more than 60 featurcs has been carried out. In general, it has been
observed a linear increase in predictive ability between 15 and 60 features used
(sec Figure 6), and a plateau between 60 and 150 (see Figure 7).

Thus, 60 is an optimal number of features to seject, though at least 15 features

may equivalently be used to make a meaningful diagnosis of the syndrome.
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